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Chairman 

Greater Toronto Coordinating Committee 
5 Park Home Avenue 

Suite 210 

North York, Ontario 

M2N 6L4 


Dear Mr. Fleming: 


Background Paper No. 3: Transportation Systems 


This is the third in a series of background reports for the Greater Toronto Area Urban 
Structure Concepts Study. The background reports in the series are as follows: 
Description of Urban Structure Concepts; 

Minimal Growth Option; 

Transportation Systems; 

Water, Sewers and Solid Waste; 

Greening/Environment; 

Human Services; 

Comparison of Urban Structure Concepts; 

Public Attitudes Survey (to follow in Fall, 1990). 
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The overall study results are presented in a separate report titled Summary Report: 
Greater Toronto Area Urban Structure Concepts Study. 


This background report describes the transportation system concept which was developed 
for each of the three urban structure concepts and the manner in which the conceptual 
systems were analyzed in terms of transportation demand levels and required 
capacity/sizing to provide an equivalent level of transportation service for each of the 
three urban structure concepts. The report goes on to describe the cost estimating 
methodology and results in terms of capital and operating costs for the three system 
concepts. Findings are also presented regarding energy consumption and atmospheric 
emissions from transportation, and the implications of specialty transportation 
requirements, including school busing and transit services for handicapped persons. 
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IBI is a group of companies practising professional consulting and is affiliated with BIA Beinhaker/Irwin Associates Architects, Engineers, Planners 
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Transportation costs are presented both in absolute terms and in relative terms to identify 
differences among the three urban structure concepts. The concepts are also compared in 
terms of other criteria describing the efficiency and effectiveness of such services. 


This study breaks new ground by drawing together demand, supply, cost and effectiveness 
findings for three quite different future urban forms for the entire GTA including both 
"hard" and "soft" infrastructure. There is, therefore, little precedent against which to assess 
the results, some of which are perhaps unexpected or at least thought-provoking. The 
results are therefore preliminary, for discussion. If, as the findings are scrutinized and the 
comparison ratings are discussed, a consensus emerges regarding a preferred future urban 
structure for the GTA and/or a process for moving purposefully in that direction, the 
study will have served its purpose. 


The opinions offered herein are those of the consultant and reflect to the extent possible 
comments received from the Urban Structure Subcommittee established for this study. 
They do not necessarily reflect the views of the Greater Toronto Coordinating Committee 
or the governments represented on the Committee. 


We trust that the information and opinions offered will be helpful in the context of the 
study and subsequent planning activities and decisions. 


Yours sincerely, 


1B GROUP 


Bll. 17). 


Neal A. Irwin Lee S. Sims 
Managing Director Director 
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PURPOSE OF 
REPORT 


DEVELOPMENT OF 
TRANSPORTATION 
CONCEPTS 


Greater Toronto Area Urban 
Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems: 
Executive Summary 


The purpose of this report is to compare the transportation 
implications of the three urban structure concepts, concentrating on 
the differences among the three concepts in order to provide input to 
the discussion of the advantages and disadvantages of each concept. 


To this end, conceptual transportation plans were developed for each 
of the three urban structure concepts. The transportation demands 
for each were examined and networks developed based upon the 
following themes: 


¢ Concept 1: Spread. The distribution of land uses in this 

"concept would encourage the growth of radial trips from 
the regions into Metropolitan Toronto. There would also 
be substantial increases in trips within and between the four 
suburban regions. Therefore, this transportation network 
concept emphasized the completion of the grid of freeways 
in the region as well as the further development of the GO 
Transit commuter rail network. The rapid transit network 
was assumed to include projects already announced with 
some minor extensions; 


¢ Concept 2: Central. As much of the population and 
employment increase is concentrated within Metropolitan 
Toronto in this concept, major extensions of the rapid 
transit network in Metro and in adjacent parts of the 
regions were included. Only freeway extensions already 
announced were included in the freeway network. The 
commuter rail network would be improved but no new lines 
would be added; full service would be concentrated mainly 
in the central, built-up areas; 


¢ Concept 3: Nodal. In the transportation concept for this 
urban structure, a less extensive freeway network was 
postulated than in Concept 1, the GO Transit network was 
extended as in Concept 1 and a moderate extension of the 
rapid transit system was assumed, with emphasis on rail 
rapid transit and express bus services linking the various 
nodes. 
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Greater Toronto Area Urban Structure Concepts Study: 
Background Report No. 3: Transportation Systems: 
Executive Summary 


ANALYSIS OF 
CONCEPTS 


Travel Demand 
Patterns 


Modal Split and Trip 
Length 


Capital Costs 


Operating Costs 


A major tool used in this analysis was the development of a 
computerized travel demand model to examine the differential 
demands associated with the three concepts. 


The differences in travel demand among the three concepts are 
estimated to be as follows, expressed in thousands of person trips in 
the 6:00 a.m. to 9:00 a.m. peak period: 


Concept 1 Concept 2 Concept 3 


Trips within Metro 939 1,524 1,076 
Trips to Metro from Regions 492 298 417 
_ Trips from Metro to Regions 205 246 233 
Trips within Regions 1,067 696 998 
Trips between Regions _149 . _ 88 me v2.) 
2,852 2,852 2,852 


The major attributes of the trips estimated for 2021 were as follows: 


Concept 1 Concept 2. Concept 3 


Transit Modal Split (peak period) 26% 35% 29% 
Average Trip Length (km) 15.0 13.2 14.3 


Based upon the analysis of travel demand, the three networks were 
sized and costed. The costs are based on a conceptual level of detail. 
Expected expenditures between 1990 and 2021 were estimated as 
follows in billions of 1990 dollars: 


Concept 1 Concept 2 Concept 3 


Public Transit S72 $14.4 $11.6 
Major Roads 19.9 13.2 17.0 
Total $27.1 $27.6 $28.76 


Although not explicitly asked for in the Terms of Reference for this 
study, a comparison was made of the operating costs of the various 
modes as it was expected that there could be major differences 
among the three concepts. The estimated 2021 total annual 
operating costs in billions of 1990 dollars for the three concepts were 
estimated as follows: 
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COMPARISON OF 
CONCEPTS 


Public Transit $1.1 $ 1.4 $ 13 
Road - Operations 0.2 0.2 0.2 

- Users 10.1 8.0 9.2 
School Bus 0.3 0.2 0.2 
Handicapped 0.2 0.1 0.2 
Total $12.0 $ 9.9 $11.1 


The three urban structure concepts were then compared on the basis 
of two transportation factors and several measures defined within 
each of the factors. The factors and measures are: 


¢ Factor 3.1: Choice of modes and service levels; 


- high transit accessibility and service level; 
- high road accessibility and service level; 
high effectiveness of intercity connections; 
high population accessibility to rural areas. 


¢ Factor 3.2: Transportation efficiency and costs. 


- low average travel times, distances and costs; 

- high proportion of each region’s work trips to 
remain in the region; 

- high transit efficiency and cost recovery; 

- reduced road traffic congestion growth; 

- reduced requirements for school busing; 

- better opportunity and less cost to provide transit 
for handicapped persons; 

- low transportation capital costs; 

- low transportation operating costs. 
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GTA Urban Structure Concepts 
Study: Background Report No. 3: 
Transportation Systems 


1. INTRODUCTION 


1.1 BACKGROUND 


1.2 PURPOSE AND 
SCOPE 


Three urban structure concepts have been developed for the Greater 
Toronto Area (GTA). They represent three, quite distinctive ways of 
allocating growth between today and the year 2021. The three 
concepts were developed following these guidelines: 


1. A status quo concept, representing a continuation of existing 
trends, characterized by substantial population growth in the 
suburban regions at relatively low density, with continuing 
concentration of office development downtown and in various 
subcentres in Metro and the four adjacent regions (designated as 
Concept 1, Spread); 


2. A concept in which substantial additional population 
growth/intensification would occur within Metro Toronto, and 
other "mature" urbanized areas adjacent to Metro along with 
further intensification of employment activities such that the rate 
of urbanization occurring beyond Metro boundaries would be 
significantly reduced (referred to as Concept 2, Central); and 


3. An intermediate concept in which residential and employment 
growth would occur primarily in and around various existing 
communities in a compact form, resulting in reduced 
consumption of undeveloped land relative to Concept 1 
(referred to as Concept 3, Nodal). 


The purpose of this background report is to describe the 
transportation implications of these three urban structure concepts. 


All forms of transportation were investigated including school busing, 
handicapped transportation, and inter-city transportation but the 
emphasis of the analysis was on the public transit and roads systems 
within the GTA, as these represent the higher cost portions of the 
transportation systems, and the areas for which differences in urban 
structure may be expected to have the greatest impacts. 


The analysis methodology was developed to respond to the section of 
the Terms of Reference for the project which states: 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


"Capital cost estimates will be required for all facilities needed, 
in addition to those that exist and are in use at the end of 1989. 
This cost is to represent the gross cost of all facilities except 
those which have been customarily the responsibility of the 
private sector. Gross costs of facilities if any to be funded by 
the Federal Government are to be separately identified. The 
estimates are to be expressed in terms of constant 1990 dollars 
for each discipline with major items separately identified and are 
to include an appropriate contingency which is to be stated.” 


13 EXISTING The GTA is made up of the Municipality of Metropolitan Toronto 
TRANSPORTATION and the Regional Municipalities of Halton, Peel, York and Durham. 
SYSTEMS Within the five regions, there are a total of thirty area municipalities. 


The road system is organized in three levels: 


* a provincial network made up of major freeways and inter- 
city highways built and operated by the Ministry of 
Transportation of Ontario (MTO); 


e systems of major arterial roads owned and operated by each 
of the five regions including some urban expressways under 
the jurisdiction of Metropolitan Toronto; 


¢ roads owned and operated by the area municipalities which 
include arterial roads, collectors and local roads. 


There are also 16 public transit systems operating in the GTA: 


¢ the GO Transit system which is provincially funded and 
administered by a board made up of the chairs of the 
various regions. GO Transit operates inter-regional rail and 
bus services; 


¢ the Toronto Transit Commission which operates public 
transit services on behalf of Metropolitan Toronto within 
Metro with some extensions into adjacent municipalities; 


¢ a total of 14 transit systems operated by area municipalities 
in other regions. 


Inter-city transportation services are provided in the following 
manner: 
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1.4 BASIC 
METHODOLOGY OF 
THE STUDY 


GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Rail. Freight services are operated by Canadian National 
and Canadian Pacific. Passenger services are operated by a 
federal crown corporation, VIA Rail Canada Inc.; 


Air. Transport Canada operates the major airport in the 
region, Lester B. Pearson International Airport. The 
Toronto Island Airport is operated by the Toronto Harbour 
Commissioners. There are a number of smaller privately 
Operated airports. Air services are operated by a variety of 
Canadian and foreign carriers; 


Ports. There are two ports in the GTA administered by 
agencies established by the federal government: the Port of 
Toronto through the Toronto Harbour Commissioners and 
the Port of Oshawa through the Oshawa Harbour 
Commission. There are also a number of docks and port 
facilities operated by a wide variety of private agencies; 


Intercity bus. Inter-city bus services are operated by public 
and private sector carriers including Gray Coach Lines 
which is a subsidiary of the Toronto Transit Commission 
and private carriers such as Voyageur, Greyhound and 
others. 


To analyze the road and public transit service requirements of the 


region, a computerized transportation demand model was applied for 


each of the three land use concepts. Transportation networks were 
developed and "sized" based on an analysis of the expected demand. 
Based upon the networks and the analysis of demand, capital and 
operating costs were derived. 


Other aspects of transportation such as intercity transportation, and 
school busing were examined in a more qualitative manner, where 
relevant using extrapolations of existing expenditures. 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


2.2 EXPECTED 
TRENDS IN 
TRANSPORTATION 
DEMAND 


Transportation is a derived service; it is not consumed for itself but 
in the course of other activities. Therefore any analysis of 
transportation need must be based on an appreciation of the 
distribution of these other activities. 


The basis for developing the three urban structure concepts is 
described in more detail in Background Report No. 1: Description of 
Urban Structure Concepts. 


Exhibit 1 shows the actual distribution of population and employment 
by region in the base year (1986) and the postulated distribution for 


‘each of the future years (2011 and 2021) for Concepts 1, 2 and 3. 


Also shown in each instance are the ratio of total employment to 
residential population in each region, referred to in this presentation 
as the activity rate, and estimates of the urbanized area and gross 
urban density for each concept. 


As indicated in Exhibit 1, the resident population in the GTA was 
about 3.7 million in 1986. Based on the GTCC projections, the 
resident population is expected to rise to about 6 million people by 
the year 2021, an increase of some 2.3 million people over the 35 
year period between 1986 and 2021. Similarly, total employment in 
the GTA is projected to rise from about 2 million jobs in 1986 to 3.4 
million jobs by the year 2021, an increase of some 1.4 million jobs 
over the 35 year period. 


Population and employment areas for Concepts 1, 2 and 3 are 
illustrated in Exhibits 2, 3 and 4 respectively. 


As described, the three land use concepts are quite distinct and can 
be expected to have very different implications in terms of 
transportation demand. 


Based upon expected population and employment growth in the GTA 
and using a simplified gravity model, the growth in home to work 
linkages from 1986 to 2021 was estimated. A summary of these 
results is shown on Exhibit 5 with 2021 percentage increases over 
1986 census data shown in brackets. The units are 24 hour home to 
work linkages with the overall totals normalized to the total 
employment forecast for the GTA. 


These estimates show the potential variation of the linkages with the 
balance of population and employment in each region. The main 
points are: 
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EXHIBIT 5 


HOME TO WORK LINKAGES 


(Thousands of home-work pairs) 


2021 

1986 Concept 1 Concept 2 Concept 3 
Trips within Metro 1,052 1,118 1,810 1,289 
(6%) (72%) (23%) 
Trips to Metro from Regions 297 606 B15 505 
(104%) (26%) (70%) 
Trips from Metro to Regions 169 269 361 311 
(59%) (114%) (84%) 
Trips within Regions 442 J (ie) 1,057 
(157%) (62%) (139%) 
Trips between Regions i 309 180 276 
__ (160%) (51%) 132% 
an pe 3,440 3,440 3,440 
(65%) (65%) (65%) 


Legend: xxx 
(x%) 


Thousands of home-work trip linkages 
Percent growth from 1986 
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2.3 THE 
TRANSPORTATION 
CONCEPTS 


GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Concept 1 would encourage continuing strong growth of 
radial trips from the regions into Toronto and would also 
have very substantial increases in trips within and among 
the four suburban regions; 


Concept 2 would have the greatest growth in trips within 


Metro and in reverse commuting from Metro to the regions 
but the smallest growth in trips from the regions to Metro; 


generally the Concept 3 demand pattern would be 
intermediate between those of Concepts 1 and 2. Because 
Concept 3 structures the new expected development into 
relatively compact nodes, there would be increased use of 
public transit relative to Concept 1, while Concept 2 would 
have the highest transit use of the three concepts because 
of the greater population density; 


there would be a large growth in trips from Metro to the 
regions, within the regions and among the regions in all 
three concepts, particularly in Concepts 1 and 2. This 
implies that, for all three concepts, efforts must be made to 
promote public transit use to workplaces in the suburbs. 


In the context of these demand projections, transportation network 
concepts were developed based upon the following themes: 


for Concept 1, increases in the radial transit links from the 
regions to Metro and improvements in the grid of major 
roads to provide access within and among the regions; 


for Concept 2, development of a more concentrated 
network of rapid transit services within Metro with 
relatively few major road investments; 


for Concept 3, a combination of the above characteristics, 
taking advantage of the nodal nature of the land use in 
Concept 3 to develop stronger transit linkages. 


All three transportation networks include the elements announced by 
the Minister of Transportation on April 5, 1990, the "Let’s Move" 
announcement. They do not, however, include some additional 
commuter rail extensions beyond the GTA announced by the 
Treasurer in May. 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Concept 1: Spread 


Concept 2: Central 


The networks developed are shown on Exhibits 6 through 14. 


With this concept there is an increase in low density development in 
all directions from the central part of Toronto. Employment in the 
regions Outside of Metro is dispersed. In addition, Metropolitan 
Toronto has a much higher surplus of jobs over employed labour 
force than in the other two concepts. Present population and labour 
force within Metro would increase very little over 1986 levels. To 
meet this challenge, the transportation network tested included the 
following elements: 


¢ an extension of the GTA grid of major roads at an 
approximate 8 to 12 kilometre spacing. This would involve 
the full completion of Highways 403 and 407 (to Highway 
115 in the east) and the development of a new east-west 
freeway further north as well as the appropriate extensions 
of existing north-south freeways and the addition of new 
freeway connections in Durham. In addition, an extension 
of Black Creek Drive south would be part of the concept 
to provide an increase in radial road capacity; 


¢ considerable improvements to the GO Transit commuter 
rail system with full service being offered on most of the 
existing lines and new services being developed in the 
northwest and northeast quadrants of the city. Some 
services on the Milton, Georgetown and Richmond Hill 
lines would be diverted to serve the CP North Toronto 
Subdivision to connect with the Spadina and Yonge subway 
lines in midtown Metro, in order to provide more flexibility 
to users of the GO rail network; 


¢ the rapid transit system would be expanded in line with the 
Minister of Transportation’s announcement on April 5, 
1990. This includes the Sheppard line (from Yonge to 
Scarborough City Centre) and the Eglinton West line within 
Metropolitan Toronto and the Mississauga/403 corridor (to 
the west limit of Mississauga). In addition, the concept 
includes a north-south line in Mississauga and an east-west 
line along the Highway 407 corridor. 


With this concept a very high proportion of the growth in population 
and employment would be concentrated within Metropolitan Toronto 
and in adjacent parts of the adjoining Regions. To meet the 
transportation needs of this land use pattern the transportation 
network tested included the following elements: 
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e the additions to the major road system would consist mainly 
of the major freeway projects already announced. These 
include the completion of Highway 403 and the 
construction of Highway 407 (extended into the North 
Pickering area of Durham). A freeway connection between 
Highways 407 and 401 in the Pickering/Scarborough area 
would also be included; 


e — since the GO Rail system would serve primarily travel from 
the Regions to Metro and it was expected that the volume 
of these trips would not increase as much under this 
concept, full service would be concentrated in the existing 
urbanized areas and not extended as far into the outer 
suburbs. All-day, two-way service would be provided on the 
existing lines on the Milton line (to Meadowvale), the 
Georgetown line (to Brampton), the Richmond Hill line (to 
Richmond Hill only and not to the planned extension to 
the Bloomington sideroad) and the Stouffville line (to 
Markham). As for Concept 1, not all trains on the Milton, 
Georgetown and Richmond Hill lines would serve Union 
Station; some services would be diverted to the North 
Toronto Subdivision to connect with the Spadina and 
Yonge subway lines in midtown Metro rather than 
proceeding downtown; 


¢ a considerable increase in rapid transit service within 
Metropolitan Toronto and adjacent areas was postulated 
including a full Eglinton rapid transit service from Don 
Mills to the west boundary of Mississauga, a second cross 
town line in the Finch/Sheppard corridor, new radial lines 
from the centre to the northeast and to the northwest 
utilizing railway corridors, extension of the Harbourfront 
LRT to the Kipling station on the Bloor subway, 
development of a link between Kipling station and the 
airport area, extension of the Bloor subway into 
Mississauga, and the development of a north-south rapid 
transit line in Mississauga. 


Concept 3: Nodal As described previously, Concept 3 is expected to be between 
Concepts 1 and 2 in terms of growth in transportation demand but to 
have a more structured and compact urban form that would 
encourage use of public transit and enable it to operate more 
efficiently. The transportation network developed to test Concept 3 
therefore included the following major elements: 
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¢ in the major road network, completion of Highways 403 
and Highway 407 (to North Pickering). New additions to 
the freeway network would include a connection between 
Highways 407 and 401 in the Scarborough/Pickering area 
and a short section of a new east-west freeway located 
between Richmond Hill and Aurora; Black Creek Drive 
would be extended south to Lake Shore Boulevard as in 
Concept 1; 


¢ a GO commuter rail service concept similar to that for 
Concept 1 with full service being extended on most of the 
lines and with new services being developed in the 
northwest and northeast quadrants; 


¢ the rapid transit system would include the projects 
announced by the Minister together with a new peripheral 
route linking York and Peel in the Highway 407 corridor 
(conceived as a busway) and a new north-south route in 
Peel linking Brampton and Mississauga. The Bloor subway 
would be extended west into Mississauga to link with the 
new north-south rapid transit route. The Yonge subway 
would be extended north to Richmond Hill and the 
Spadina subway would be extended northwest to the 407 
busway. 
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In order to test the transportation concepts developed for each of 
the urban structure concepts as described in the previous section of 
this report, a computerized model of transportation demand was 
developed and applied. Based upon the results of this demand 
analysis the various transportation facilities were sized and/or 
modified and the resulting levels of service to the user and the 
capital and operating costs estimated. The transportation demand 
analyses were carried out for a typical weekday a.m. peak period 
(6:00 - 9:00 a.m.) in 2021 for each of the three concepts and transit 
and road traffic assignments were made to the respective networks 
for the a.m. peak period. 


A comprehensive and systematic method was needed to quantify 
transportation demand and level of service. It was decided that an 
existing computer based model framework would be the most reliable 
and flexible method for making these estimates. 


The Ministry of Transportation, Metropolitan Toronto and the 
Regional Municipalities have been supporting a major effort, 
coordinated through the Data Management Group (DMG) at the 
University of Toronto, to provide information for transportation 
planning. The main results of this cooperative effort between the 
provincial government and the regional governments has been to: 


¢ conduct, analyze and summarize a survey of transportation 
behaviour in the GTA (including Hamilton-Wentworth). 
The survey was conducted in 1986 with comprehensive 
results becoming available in 1989. This is referred to as 
the Transportation Tomorrow Survey (TTS); 


¢ provide hardware and software facilities for transportation 
modelling using the EMME/2 computer package; 


¢ develop coded networks for the 1986 road and transit 
systems. 


To date the Data Management Group has used the EMME/2 
package to examine current trip making behaviour in the GTA and 
to make extrapolations of travel demand. A fully calibrated 
transportation model to predict future demand has not been 
developed for the GTA. For this study therefore a number of 
methodological decisions had to be made. 
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Trip Generation 


Modal Split 


In the last two decades there has been a considerable increase in per 
capita trip making, both during the peak period and all day. This has 
been due to a number of factors: 


¢ higher labour force participation rates as more women 
enter the out-of-home labour force; 


¢ a decreasing proportion of children in the population, 
increasing the proportion of adults per household and the 
number of daily trips per household and per capita; 


¢ greater personal wealth and car ownership, further 
increasing the propensity to travel. 


Extrapolating these trends in the future is complicated by the 
expectation that all three of these effects have, to a considerable 
extent, run their course. We therefore made the simplifying 
assumption that per capita and per worker trip rates would not 
change materially over the analysis period. 


A calibrated method for estimating travellers’ propensity to use public 
transit rather than private auto is not yet available in the EMME/2 
package for the Toronto area. It was therefore necessary to develop 
a modal split estimating method for this project. The question then 
became whether to estimate modal split on a trip end basis, that is at 
the origins and destinations, or on a trip interchange basis, that is for 
trips going from certain areas to certain other areas. Developing 
modal split analyses on a trip interchange basis requires a comparison 
of travel times by auto and by public transit. This in turn implies 
that a detailed coding and fine tuning of the road and transit 
networks be done which was beyond the scope of this study. 


It was found that a very good relationship between density and modal 
split at the trip ends could be derived for 1986 based on the TTS 
data. In this case, density is operating as a surrogate for the level of 
public transit service that can be provided. In high density areas 
better transit service is available and more people use it. This should 
be a stable relationship that can be applied in the future. Because of 
this and because a trip end modal split could reflect the expected 
higher modal split associated with the structured, nodal development 
in Concept 3, it was decided to use this approach. 


Two modal split formulations, linear and exponential, were tested. 


The linear formulation for origin and destination modal splits resulted 
in the following equations: 
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ro  ———————————— 
1. mo, = 0.0487 + 0.00585* POPDENS, + 0.00166* EMPDENS, 
2. md; = 0.0177 + 0.00414* POPDENS, + 0.00272* EMPDENS, 


Where: mo, modal split of trip origins from zone i 


md, = modal split of trip destinations to zone i 
POPDENS, = population density of zone i (persons/ha) 
EMPDENS, = employment density of zone i (jobs/ha) 


This formulation assumes a linear relationship between propensity to 
use transit and urban density. The coefficients of determination (R’) 
for equations 1 and 2 were 0.879 and 0.863, respectively for the 1986 
application. 


The exponential formulation examined was as follows: 
3 mo; = 1 - exp(-0.74546 POPDENS,-0.26862EMPDENS,-0.04215) 
4. md; = 1 - exp(-0.45201 POPDENS,-0.47007EMPDENS,-0.01128) 


This formulation assumes a "logit" or "S-curve" relationship between 
transit use and density. The R? values for these equations for 1986 
were 0.906 and 0.881 respectively, indicating that the "logit" or "S- 
curve" formulation fits the surveyed travel behaviour more closely 
than does the linear formulation. 


It was therefore decided to use the logit formulation since, besides 
providing a slightly better fit to the 1986 data, it also produces more 
reasonable results for high density conditions; as population density 
and employment density increase the transit modal share increases 
but does not increase to a value greater than 100% of the trips 
departing from or arriving at a traffic analysis zone which is possible 
with the linear formulation. 


Trip Distribution Two methods of trip distribution were investigated, a "gravity model" 
which would estimate the distribution of trips based upon travel time 
between origin and destination, and a methodology which would 
extrapolate the 1986 trip patterns to the future adjusting for changes 
in the number of trip origins and destinations in each zone (the 
"Fratar" method). Both methods were tested. Two formulations of 
the gravity model were examined, one based upon impedance factors 
developed from the 1986 TTS data and one based upon an 
exponential function of interzonal travel times. Both tended to over 
emphasize inter-regional trips, for 1986 validation runs and, in our 


ry 


a weed runt ase, oobi ATO: nes 3: - 
| i | Co Sig bancagleath ms 


mee eolurotenn!) 
0+ ene SS ae ne nk vo ie . ee! =e a 


, ree ow in anne , rea eycew. éi oh ry 7 : ms 
c "4 ‘4 Pi . ae. PT) > ¥ ee | ahw 0) . Via it a bin we 
. is nto etieho gh: to Jilga treba: On, Sore 
3 i] ‘ , ‘ r 
N é OG | Mi a8 : HO a) 
i a he SLIT 
{ ra j Mery : ur Ww) ee 8 ' 
neti} i mn za WM j ; 
%y > 
P " 4 wpe eb dahely Setelecers > 
(3 I ar f- Ki) Fi Tt? {7} 
1 mor ‘ } } } wah TGR oa 
Oe ene | P tots wy mut i 
MARTE MICE 
“7 
‘ J . a 
{ " i if s r f ~ x 
a \ 
r a 
(3 yt i ) AiyT 
i 
i 
5 ‘ i ‘ ¥ : S 
i } j \ Fr j etal ¥ 7 — 
f fs) 
we oi Ve bhi ial + “i b 7 
joes wel bigs otal "overs 
‘ ‘ , 
ecras! OO! AGO new 
' 
‘ we 4 ‘ é “ i. f \ , j “ ‘ _* : ry v4 a? 
Mi y Pere eed } tT. ow ue bm So aro ¥ Ti 
: : r 2190 Vane & ae fig ny 
; il : i 7 “pn 
sericyls rt oy: } ‘en j Ji (> FRMRErT Cites T Seay 
3 CGT LEO De; 1 Po Vey M) POSIT VOM OFth, ; 
: i - i ase 1h ‘ - ae ee . . é tcon 
f mh it) Gv ae oe i B.O) BORO [ON 2000 jue 
f ; ey it~ te 
PHEW Bie Meving oe Te givens 2tnot gathaqob 
, } ns £ Fa: 
‘ (vis il | Dail ¢f j 
i) 
. ee ’ — P ane) t a) y * Tt 
i Viivs : ' j ae oe bee pet 4 ey er al , a abe é hd: sft (Jie i j 
s &, : > oe ak yo ant Peddie Be ir a 
ws ht he } bat fy 3 Me : CHET } 4 MA eutritas dloow ’ 4 iw 
ferrss i. AD bs ltaey a . : <7 o Pai — rs eh rire aval 
PL a ’ ; A suetat P Lithte Vas su» te Ll be rl ASS AIOG 
wnel olf x =" ont y eet % ; wea 56 oe 
¢ Ore is ; q 4 haem b < BPP T Lg jt wi mt ‘etalons Wx } 
* 
. ee : yh Saul 1 > } 
wi) ono dono tf aaolsiitzeh bre coigho qn) jordédmue oli pi : 


lo enovelumol Owl «beteat ow aboritemn iol | (borltode sient” 
moiog) sonshoml soqu{beked sav /boniraaxs oiw Isbom ylivim off |. 
ne coqir! pated aatt0 bone Sisk er T O80! adt machi bequisveb Jas 

wo 0} bebnst cod: gsreid fovatt ladomeint lo nolfoaul isiinomoges. ae 
wo Gi boa anu pia; lav O8RT 30l aqht. P ac arilanbe ant We 


GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Assignment 
Methodology 


3.2 APPLICATION OF 
MODEL 


judgment, in future analyses. The second method, the Fratar 
extrapolation of 1986 trips modified to reflect the new totals of land 
uses, was therefore adopted as providing more reasonable results. 
The algorithm used for the Fratar expansion included a "seeding" of 
the origin-destination matrices in those areas where the 1986 trips 
were sparse but where considerable growth was expected by 2021; 
the seeding was based upon travel patterns in the area surrounding 
the specific zones as well as 2021 travel times between zones. 


Because the trip ends were separated by modal split at the origin and 
destination, a separate distribution analysis was applied for public 
transit and automobile trips. Using the Fratar method, this means 
that the 1986 orientation of the transit trips were used as a seed for 
the analysis of the likely orientation of the 2021 transit trips and 
similarly the 1986 auto trips for the automobile trips. 


The EMME/2 package includes an “equilibrium assignment" method 
which distributes traffic uniformly on roads according to their travel 
times and capacities, based upon an analysis of the likely impacts of 
congestion on travel times. This is a very attractive feature but, 
given the limitation on the time available for this project and the 
requirement to develop and code a realistic network of arterial roads 
as well as major highways, the "capacity restrained" assignment of 
trips to the road network was not used. An "all or nothing" 
assignment methodology was used, assuming that 1986 travel speeds 
will occur on existing roads and similar speeds on new facilities. This 
means that an equivalent level of service applies to all three 
concepts; however, in interpreting the results, adjustments had to be 
made in the analysis in that some roads tended to be overloaded and 
other roads tended to be underloaded. 


Essentially the approach adopted was to estimate the demand and 
then to estimate the additional road capacity that would be needed to 
carry the estimated automotive traffic levels in 2021 at 1986 travel 
speeds. Similarly transit demand was estimated with bus and rail 
speeds similar to 1986 for each technology and the required service 
frequencies, equipment needs and capital and operating costs were 
estimated accordingly. 


The model was then applied to the three urban structure concepts 
for the year 2021. Exhibit 15 compares the resulting total travel 
demand with the actual travel demand in 1986 as measured by the 
TTS. The exhibit also shows the expected increase in trip making 
over 1986 in percentage terms. It can be seen that expected growth 
is quite comparable to that estimated by the very simplified gravity 
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PEAK PERIOD TRIPS FOR EACH CONCEPT 


EXHIBIT 15 


(Thousands of person-trips 6:00 a.m. to 9:00 a.m.) 


Trips within Metro 


Trips to Metro from Regions 


Trips from Metro to Regions 


Trips within Regions 


Trips between Regions 
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1986 
TTS 
897 


240 


121 


1,715 


Thousands of person trips 
Percent growth from 1986 


Concept 1 


939 
(5%) 


492 
(105%) 


205 
(69%) 


1,067 
(163%) 


149 
(187%) 


2,852 
(66%) 


2021 
Concept 2 


1,524 
(70%) 


298 
(24%) 


246 
(103%) 


696 
(72%) 


88 
(69%) 


2,852 
(66%) 


Concept 3 


1,076 
(20%) 


417 
(74%) 


233 
(93%) 


998 
(146%) 


128 
(146%) 


2.002 
(66%) 
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Transit Trips 


model as described in Section 2 of this report. Travel within Metro 
increases considerably in Concept 2 and very little in Concept 1. At 
the same time trips to Metro from the outlying regions increase most 
for Concept 1. Because of the greater population and employment 
within the regions in Concept 1, trips within the regions and between 
the regions also increase most for Concept 1. 


Exhibit 16 shows the result of applying the trip end modal split 
equations and the trip distribution methodology described previously 
to the year 2021 land uses for the three urban structure concepts. 
As before, these are compared to the 1986 actual travel behaviour as 
measured by TTS. 


The estimated increases in the transit share are associated with 
increases in population and employment density as the methodology 
used does not explicitly take into account changes in the level of 
transit service. There is an indirect relationship, however, in that 
increases in density permit more intensive transit services to be 
provided and, as outlined earlier, the conceptual transportation 
networks included more transit facilities and services in areas of high 
density under each urban structure concept. The method therefore 
produces estimates of increasing transit usage on most linkages for 
which transit accessibility is improved. Greater increases in public 
transit usage could be postulated based upon an expectation of the 
potential impacts of road congestion. It was decided, however, that 
these estimates of modal split would be used as they are based upon 
consistent and verifiable assumptions. 


The estimated peak hour modal splits are slightly higher than the 
numbers shown on Exhibit 16 as the peak hour as a percentage of 
the three hour peak period is higher for public transit than for the 
automobile mode, being estimated to be approximately 50% for 
public transit as opposed to a peaking factor of 40% for the auto 
mode. 


Exhibit 17 shows the estimated a.m. peak hour transit trips for 1986 
and for the three future land use concepts. These estimates do not 
include school bus trips or trips provided by specialized vehicles for 
the handicapped. Significant differences in the number of transit 
trips can be seen between the concepts as would be expected. With 
Concept 2 transit trips within Metropolitan Toronto increase by 
139%. 


Exhibit 18 provides a summary of the transit trip aspects of the three 
concepts, showing the proportion of trips destined to the Central 
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EXHIBIT 16 


EXISTING AND FUTURE MODAL SPLIT LEVELS 


(a.m. peak period proportion of total journeys on public transit) 


Trips within Metro 

Trips to Metro from Regions 
Trips from Metro to Regions 
Trips within Regions 


Trips between Regions 
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1986 
TTS 


0.38 


0.21 


Concept 1 
0.41 
0.36 
0.18 


0.13 


2021 


Concept 2 
0.53 


0.30 


Concept 3 
0.44 
0.33 
0.13 


0.16 


IBI 


GROUP 


EXHIBIT 17 


A.M. PEAK HOUR TRANSIT TRIPS 


(Person Trips in Thousands) 


1986 
Trips within Metro 170 
Trips to Metro from Regions 25 
Trips from Metro to Regions 5 
Trips within Regions Ve 
Trips between Regions 0.4 


Legend: xxxx 
(x%) 
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Thousands of person trips 
Percent growth from 1986 


Concept 1 


192 
(13%) 


80 
(226%) 


18 
(252%) 


71 
(485%) 


3 
(857%) 


366 
(72%) 


2021 


Concept 2 


404 
(138%) 


44 
(78%) 


18 
(144%) 


34 
(184%) 


1 
(220%) 


501 
(136%) 


Concept 3 


234 
(38%) 


68 
(178%) 


24 
(366%) 


79 
(550%) 


3 
(705%) 


409 
(93%) 
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EXHIBIT 18 


ORIENTATION OF TRANSIT TRIPS 
(A.M. Peak Hour Person Trips in Thousands) 


1986 2021 

TTS Concept 1 Concept 2 
To Planning District 1 97 146 210 
(51%) (116%) 
To Rest of Metro 98 127 238 
(30%) (148%) 
To Regions 18 93 53 
(417%) (194%) 
TOTAL 212 366 501 
(73%) (136%) 


Legend xxx = Thousands of Person Trips 
(x%) = Percent growth from 1986 
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Concep 


151 
(56%) 


151 
(54%) 


106 
(489%) 


409 
(93%) 


t3 


IBI 


GROUP 


oe 
a ¢ 


igo BORD a 


tos 


Br a glee a ae 
Cape) wo. writ) ae). Raa ae 
Te ee ee ot 


(ae) | ran 2 ee 
pe ee. mer ae 6 ee ce) ae 


ah i‘ 08 


GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Auto Trips 


Level of Service 


Area of Toronto, basically equivalent to Planning District 1. For all 
three concepts the proportion of total transit trips destined to the 
Central Area of Toronto is expected to decrease from the 1986 value 
although the absolute numbers will increase. For Concept 2, which 
has a considerable amount of development within Metropolitan 
Toronto, the proportion of transit trips destined to areas elsewhere in 
Metro is expected to increase considerably. 


Exhibit 19 provides a depiction of the automobile vehicle trips for 
the peak hour similar to that given for transit trips on Exhibit 17; 
however, Exhibit 19 gives the number of vehicle (automobile) trips 
rather than the number of person trips. The differences among the 
three concepts are quite significant, particularly for trips within the 
regions and among the regions. It can also be seen by comparison 
with Exhibit 17 that there is a considerable difference between the 
distribution of the transit trips and the automobile trips. The transit 
trips are much more centrally oriented and much more concentrated 
within Metro than are the road trips. 


Exhibit 20 provides information on the assignment of the auto trips 
to specific routes. Automobile trips crossing the various screen lines 
(shown on Exhibit 21) around and within Metro are summarized and 
compared with the 1986 base. For Concept 2 the number of 
automobiles destined to the Central Area it is expected to decrease 
from the base to 2021 whereas for Concept 1 it is expected to 
increase by 35%; however, for all three concepts automobile trips 
across the Metro boundary cordon are expected to increase with an 
increase of 131% expected for Concept 1, 33% for Concept 2 and 
87% for Concept 3. Exhibit 22 shows the comparison between the 
1986 assignment and 1987 actual cordon counts; it can be seen that 
the fit is quite good for most of the screenlines. The 1986 simulated 
base is the actual 1986 trips as recorded in the TTS using the 
EMME/2 program to assign the surveyed trips to the road network. 


Exhibit 23 shows the expected growth in automobile kilometres on 
the roads within each of the Regions from 1986 to 2021 under each 
of the three concepts as well as the percentage increases. 


The road and transit networks were coded with speeds either 
identical or similar to those achieved in 1986. In other words, the 
potential impact of congestion was not taken into account in coding 
up the networks and in doing the assignments to the road network. 
On this basis, the expected average travel times are shown on Exhibit 
24. It can be seen that the average travel times and trip lengths are 
expected to decrease in Concept 2 because of the proximity of many 
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EXHIBIT 19 


A.M. PEAK HOUR AUTO TRIPS 
(Thousands of Vehicle Trips) 


2021 

1986 Concept 1 Concept 2 Concept 3 
Trips within Metro 222 223 286 243 
(0%) (29%) (9%) 
Trips to Metro from Regions 76 114 84 112 
(50%) (11%) (47%) 
Trips from Metro to Regions 44 69 85 74 
(57%) (93%) (68%) 
Trips within Regions 152 369 Daa 336 
(143%) (65%) (121%) 
Trips between Regions 20 56 34 49 
(180%) (70%) (145%) 
516 848 741 814 
(64%) (44%) (58%) 


Legend: xxxx = Thousands of vehicle trips 
(x%) = Percent growth from 1986 
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EXHIBIT 20 


SIMULATED AUTO VOLUMES ACROSS SCREENLINES 
(A.M. Peak Hour Volumes) 


1986 Base (Simulated) {2021 Concept 1 |2021 Concept 2 |2021 Concept 3 


Volume |Capacity} V/C |Volume}| Ratio |Volume| Ratio |Volume | Ratio 
(cars/hr) | (cars/hr) (cars/br) |to base |(cars/fhr) |to base |(cars/hr) |to base 


ScrIn. (1) 


23660 | 0.595 0.89 1.85 
11375 | 0.574 0.80 0.91 
25970 | 0.676 0.83 0.87 


38146 | 61005 | 0.625 aut ks aed 47269 | 1.24 


West 10271 | 23660 | 0.434 SZ 15a 0:51 7966 | 0.78 6529 0.64 
North 2015 | 11375 | 0.177 2812 | 1.40 3799 | 1.89 2928 1.45 
.210 


East 5445 | 25970 | 0 5456 | 1.00 4394 | 0.81 6061 just 


17731 | 61005 | 0.291 ee ee 15518 | 0.88 


23280 | 0.804 
46808 | 0.797 
14101 | 1.067 


71049 | 84189 94026 77248 ica 87848 | 1.24 


23354 | 0.460 129 
49599 | 0.558 Vy 
14102 | 0.279 1.14 


42374 | 87055 | 0.487 | 50640 62797 ive 53553 | 1.26 


43848 | 0.806 1.00 
45945 | 0.637 Zale 
7000 | 1.162 Pee) 


72780 | 96793 | 0.752 1168255 96909 135848 | 1.87 
: 1.67 
2.60 


2.39 1.60 


44598 | 104812 | 0.426 oe 94552 92879 | 2.08 
East 7781 | 18698 | 0.416 9443 | 1.21 | 12038] 1.55 10109 | 1.30 
West 13757 | 18702 | 0.736 | 27132| 1.97 | 23656] 1.72 19393 | 1.41 
Hwy. 401 |South 12946 | 18140 | 0.714 0.93 | 12861] 0.99 13893 | 1.07 
East North 7358 | 15344 | 0.480 1:47. | 18107.142.46%, |} 12617.| ‘1.71 
North East 15710 | 17400 | 0.903 1.06 | 13581 | 0.86 15392 | 0.98 
Humber |West 14312 | 17398 | 0.823 1.44 | 25066] 1.75 21391} 1.49 
Hwy. 401 |South 704| 2905 | 0.242 1022 | 1.45 1159 | 1.65 1040] 1.48 

North 1794} 2901 | 0.618 1702 | 0.95 2079 | 1.16 1694| 0.94 


(1) Screenlines are defined in Exhibit 21 IBI 
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EXHIBIT 22 


AUTO VOLUME COMPARISON AT SCREENLINES 
1986 SIMULATED VS 1987 OBSERVED 


(A.M. Peak Hour Volumes) 
1986 (Simulated) 1987 Metro 
Cordon Count (2) 


Cordon Screenline (1 
Volume |Capacity V/C {Volume Ratio 
(cars/hr) (cars/hr) (cars/hr) to base 


Central West 23660 | 0.595 1.04 
North 11375 | 0.574 Mod 
East 25970 | 0.676 16628 0.95 


38146 61005 | 0.625. | 39171 1.03 


West 10271 23660 | 0.434 7448 0.73 
North 2015 11375") 0177 3319 1.65 
5445 25970 | 0.210 7309 1.34 


17731 61005 | 0.291 18076} 1.02 


West 23280 | 0.804 0.90 
North 46808 | 0.797 1.03 
East 15046 14101 | 1.067 0.72 


71049 | 84189 ae 66167 0.93 


23354 | 0.460 1.03 
49599 | 0.558 eid 
14102 | 0.279 1.12 


42374 87055 | 0.487 | 47970 1.13 


43848 | 0.806 34427 0.97 
45945 | 0.637 29687 1.01 
7000 | 1.162 8109 1.00 


1.10 
50226 | 0.380 1.12 
01 | 0.521 1.23 
44598 | 104812 | 0.426 | 49893 
(1) Screenlines are defined in Exhibit 21 IBI 


(2) 1986 for the Central Area CROUP 
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EXHIBIT 24 


AVERAGE TRIP CHARACTERISTICS 
(a.m. peak hour) 


Travel Time (Minutes) 1986 Concept 1 Cinteel 2 Concept 3 
Transit* 40.7 43.5 31.9 38.8 
Road Pai) 20.6 19.8 20.3 
Overall Average 27.4 215 24.7 26.5 
Trip Length (km) 

Transit* 13 lbs 9974 11.8 14.2 
Road 13.8 14.9 13.9 14.4 
Overall Average 13.4 15.0 13.2 14.4 
Average Speed (km/hr) 

Transit* 17.4 19.3 21.3 20.4 
Road 37.8 43.4 42.1 42.6 
Overall Average 29.1 321 31.3 31.9 


* Includes walk and wait time of trip. 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Summary of Travel 
Demand Estimates 


3.3 CAPITAL COSTS 


activities to one another in the central part of the GTA. This is true 
for both public transit and auto trips. 


In estimating the costs for these concepts, we have assumed that 
sufficient road and transit facilities would be supplied to maintain 
these average travel speeds as they were in 1986. 


The methodology developed for estimating future travel demand has 
assumed a stability of trip making habits. This is a reasonable 
assumption but it must be realized that, over a period of 35 years 
(from 1986 to 2021) there could be large changes in lifestyle. 


The distribution of trips is based upon the pattern of population and 
employment. The lower average trip lengths and screenline volumes 
associated with Concept 2 occur, to a considerable extent, because of 
the balance between population and employment in the regions. 
Hybrid urban structure concepts could be developed which would 
decrease somewhat the travel flows in Concepts 1 and 3. As shown 
on Exhibit 1 in these two concepts there is more imbalance between 
population and employment with a greater concentration in jobs 
within Metropolitan Toronto. Concept 3 is intermediate with respect 
to this factor. It should be realized, however, that there are limits to 
the balance which would be feasible given the substantial suburban 
population growth in Concepts 1 and 3; greater balance is possible in 
Concept 2 because of its larger population in Metro. 


For each of the three concepts the public transit and road facilities 
were sized according to the demand estimates produced by the 
model. The capital costs of the various facilities proposed were then 
estimated. These are shown on Exhibit 25. The rapid transit facility 
costs are highest for Concept 2 whereas the road costs are highest 
for Concept 1. 


The rolling stock capital costs shown are the increases in rolling stock 
required between 1990 and the year 2021. They do not include any 
amounts for replacement of rolling stock. Included in rolling stock 
are new subway cars, LRT vehicles, ICTS vehicles and buses. The 
GO Transit rolling stock is included in the GO Transit capital cost 
estimates. 


On the road system the extensive freeway network in Concept 1 
consumes a considerable amount of capital with lesser amounts in 
Concepts 3 and 2. The arterial network requirements in Concepts 1 
and 3 are quite similar with a lesser amount required for Concept 2. 
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CAPITAL COSTS OF TRANSPORTATION NETWORKS 
(millions of 1990 dollars) 


Public Transit 

- Rapid Transit Facilities 

- Rolling Stock 

- GO Transit 

TOTAL 

Roads 

- | Major Roads and Freeways 
- Arterial Roads 

TOTAL 


GRAND TOTAL 
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EXHIBIT 25 


Concept 1 


$4,607 
595 
1,962 


$7,164 


8,920 
11,008 


$19,928 
$27,092 


Concept 2 


$10,761 


2,070 


13,199 
$27,613 


Concept 3 


$8,478 
1,139 
1,962 


$11,579 


$28,622 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


3.4 OPERATING 
COSTS 


Public Transit 


These estimated capital costs are the cumulative totals required 
between 1990 and 2021. They therefore include many elements that 
are already programmed or committed, including the $5 billion GTA 
transit improvement program announced on April 5, 1990 and the 
$1.2 billion GTA transit and road improvement program announced 
in the 1989 provincial budget. 


Exhibits 26 displays the distribution of kilometres of new line and 
capital costs for the various rapid transit facilities. Exhibit 27 shows 
the distribution of lane-kilometres for the major roads and arterial 
roads among the regions. Exhibit 28 gives the comparison of major 
roads and arterial costs for the three concepts. 


These capital cost estimates were developed by Lavalin Engineers 
Inc. They were necessarily based on a conceptual level of detail. 
Actual costs could vary considerably as the projects are designed. 
They do include a considerable contingency (25% for construction 
cost and 15% for land and vehicle acquisition) so that we believe, 
overall, they represent a reasonably conservative (that is adequately 
high) estimate of total costs. The costs include land purchases for 
the facilities where they are required. 


Although estimates of operating costs were not required by the 
Terms of Reference for this project, they were expected to vary 
considerably between the various concepts because of the different 
modes of travel used. Therefore approximate annual operating cost 
estimates have been derived for transportation. These have been 
calculated on an annual basis for 2021. Exhibit 29 shows the 
estimated operating costs for all modes of transport under each of 
the concepts in 2021 as well as in 1986 on the same basis. Exhibit 
29 also includes the operating costs for school busing and 
handicapped transportation which were estimated as described later in 
this section. 


The public transit costs are estimated based upon current unit costs. 
They have been estimated based upon the ratio of peak hour 
operating hours to annual operating hours and using an estimated 
cost per vehicle hour for each type of public transit. There are 
relatively small differences among the concepts as rapid transit 
operating costs are lower than conventional surface transit on a 
passenger or passenger-kilometre basis. 


16 


iy vt ee at ky 
i Wea) ne 
’ f ‘Vis | 
#} i Oe i 
‘ is : 
0H {1 
[ Wi Vous 
VW i Mes uel 
. Mi a a 
p oe abe > whoa a mynd - 1 Wise tal si royale Revi oh Rl No Y 
re hoe a 
f 


pthenpes: ati ion ovktaliann re cack tk a gs bias 9 De 
od! woumids yam obilan! enolmad? MT LOO doo Re) nied 
J ATO ricing Ge sci} gata ah ‘alias ec a Boring vii skis a 
oclt tan OOO 2 ting. te cena tn nage SHOR ayORNN A Rect 


i if q we Lt sie > nia at Ni 
NAL fied CRF aT CY te Oro vue bay) bint = Hine A rn ach ssl ee i na)! 


4 


ioe) iveriey Bd ody Sa 


ae La Ew 


brow wh b 1 ay i : i ‘an a 
ah PONTE a a ee on He) Anas ace we i OF ae 
‘ = ‘ wht Wo a TWh hue fl 
Rae in| REE CY ERAN A AD 
a4 
et Cand i may i w} 
' WRNe | ey oA eee mes. Ub 
9 Vat vm Trad , ie A Sh 
ee ere ay mb Py al { Sere meewede’ Paolini deci: daa Ye ae ; ‘f PO eh 
Me SA TT eS SR I Ie RG ae vie, eee 
4 Wty, i mn ‘ya 
H ‘ { to ee ne 
} f 
‘ M t i vi 4 - rote 
riistunierta! cave il wet Recodo: aera seater ac | eee | 
; i ‘ ; 
" / ‘ A y nn ie, ee 4 } 
i , ihe nee oubilh r ark | ( ® hs i ce 
if pi fy 1 dM NOUNS TORS IF OR A ¥ ith Rae 4 
i (it aS hd ‘ Nie 
iad i Mi Fa i ’ J i + Wy iw } Gel] / 
4 A i wal? ’ if \ vivey dee KD he 
fy Re USAR ROMD ee Ch maine Ke | alt | 
os ; eel ; 1d 
F Wy rd XS. . | yy ey ry Ail ie \ ’ hives { arts } t , 
' ly a ) \ bis ee | 
} 4 Fh 4 ve ' HT ts al ue rahe A ae cy i ne i ear ns 
| Ar AM beep Dt anion sie ( Lh 
i ATE, HAVEL OM ) elke Jo opetiiias ey | 
) ; i f i, vice ty 
Paranityiey we tad. sone ling: near y eee Hy , 
i.e al ee PTs y | He AQ H | yee ef if aie | ue | th 
i 7 i ad | a, : 
\ P 4 5 ery atebiie 
¥ h it ‘ ‘ ve ¥, , ; ‘ree 
| } , Phat ap ee aaa i * Th) MOPAR ‘ae amin te ery’ 
irqie yaa F Te a a eh 1 i ae ‘was Pv TC Ge Gh ae 7 fF F ) 
' t j hel oy Oye ‘ ‘tik rh : Bhi a AAR AAP AR Va ee a : ; ; It iS f A 
f " ty \ Pe MN sa ¢ han mn ; on] ee 
1) @ hs, At i t a Ay eC) ij js PKs oe en VK Awe ae 0 7 on i 
: Nee on Cee oa = ek 
) ' i ca ; cy : 
as i s ‘ j " i al te 
(Na Wy ‘ i4 ha APR yn ihn’ By poy a ei Ls ent a ae ; { ; yy 
" r mi I i } yi i 
PO OV SR ls OE RST RCS aS Naa, Ae ‘ovine eohetnits Ph Beare, 
i} fi 1 { J ai a) 
J ) cy ey vr. row ' 6 we ee aD p 7 
mee ‘ a ty fi na +e ] Ie , A 4 
hae. oe hip we MAD A fF 4 a) ht ry beste by } hed aG ba iy nie. i 
= ney i 1 y a } 
ty . ray wy , Oe iy b era | 1 IDE ui Gee | 
0 1 TE CR Re eG) evhnpia ie ny PROTOS, ir ; ns 
‘ eee ne : ; ae (i i 
TITRE: BIG OT SAT PO ee. wri 46 Li RS oti CL sige. mag Bre mee Can ray 
i 


¥ if hay oo? | et 4 ita Me Meelin & " ip 
Che. TIO ee DRELE nm “a : ae aed isbn 0 inh 
: z 


} 
i 1otal Bedrings o RUPERT phaey snrptiynay al ote { NV wy bs hdenigh if 1; ioe ie, A ia 
| Di Eb, AONE DS ePaper RUPE TA Ph dl heal A hea fi 7the ee ats vue au ra A te potal jai ie 


| (ama a, 
4. ebo Tie inemws moge Bade toe qaral ms ora Mane } leans My eAT 
wor alge To: olan sama Pils! be ad J banat cae ove d oval att, ee i 
bodwanitec am, gotien. t his quod g griimiogo baie 0) rye Ud warals sat Ny it we 
TARY char sig Stew TS sildivg los _ Hope 16) aod stolen sq tego 
Mae bigs? 2a agegnos od} ann rive sesisnaltah linena yl wireion . 


ne same 4 ms ae hk ‘ Incoitney ted ned owl iki aati ae, a 
bbe eee. view ue ane na Thi 9 md vals ee | 


we UN! | 
| a M4 a 7 y ' 
\ ‘ na ae AN 


EXHIBIT 26 


COOOL SOOO 
2 
$ 
Cc 
8 CA] 
Cp) —N 
= be 
ct ie Neg 
= Z| B BSBSR SII Ht] = XS 
N = 
= gat a = 3 
7) i] & 3 = 3 
ae <4 
= ees tetstateks Os 
Se x 
zs nm = mt 
ea) A ne 
Zz. < Z 3 
7 ie 2 
- ae 


Concept 1 


130 
120 
110 
100 


SSOIZOUIO[IM UT sSouryT so UuzFZUuEeyT SIVeliIoqd Jo SUuUOTIItTa Ut 36OD 


IBI 


GROUP 


Concept 2 Concept 3 


Concept 1 


ar THK 


Cav b NASP Wan 


wan 


£S0O% 


oe) RBM) 


a 


_——. a 
sertemmolis @ seca: 


es 

De ag eae 

te <5 _ , 
> —_ J 

or ee SS ss a ¥ 


is ds gned 


% 


onus 11,47 


= ae 


a xx = 
a x x= xX a 


a> 


> 
~ - 
a a a ee a i i ah ei <3 * 
-_- 2 Et ee eee @ PAs e > 
« ‘2 eee ee KAA AA > 
. = a ee a a ~~ _ > = | 4 
Sas eS Ss ee eS SS ee 


eS Se ae 


: 
* 
* " { ert 
ogy ST ie 
eo 
bd 74 
& iqpsaos) 


_& 


4 
y ™ 
 » 
a 


Se | 


a 


RAAAAAZLAGHGALARGBHRHRRRC 


[\\)j Halton 


0,0, @, 0:0 0 © © 2:0 O90 0.0, OO @: 

SSSR RK RRR KKK KKK] 
SSSR OI IR ecatetctonetotetatsontonctoteenientoncietes 
OOO OODC OOOO OOOO COO OOOO OOD OOO OOOO OO OOO 


KX] Peel 


ZW WY 


York 


AAA 
RRS rei 
OOOO OOOOY S55 


IBI 


GROUP 


IAN} Halton 


XX Peel 


York 


EXHIBIT 27 
NEW ROADS 


MAJOR ROADS 


NEW LANE-KILOMETRES, 1990-2021 


ULL 


Durham 


ARTERIAL ROADS 


NEW LANE-KILOMETRES, 1990-2021 


0,0, 0,0 OO 2, 
SOSRSORSKS 
SSCS 
venaresevececen 

OOOOOO 


%, 
, 
% 
2. 


0%, 
one 
0% 
XOX 


KK 
XS) 
SxS) 
0.04 


LLL 


Durham 


Ss 
> 
> 
> 
> 
> 
>» 
> 
> 
» 
>» 
> 
» 
> 
> 
» 
> 
» 
> 
x 

pt 


° 
}° 1S) 
& rarerererarerererereer een esrb bebe bob,obbrbebehshsbstseslshebshcbstsiebetnbetstnietet, 
~~ £6,050. 0,0.0-6-0.0.0-0,0,0 0.00, 0.0/0.0. 0.0.0.0. 0.00.00. 0 W000 OW OO 00,0 0,00 000.0 0 OOO 4 
C0. 0.0-0-0.6 0.0.0.0 0.0.0.0. 0.0.0.0 0.0.0.0. 0 0.0.0.0,0 0.0.0.0 00.00.00 .0.0,.0, 0.0.0.0, 0,0,0, 0.000%, 
3 PRR IKI oe 
ANDADAHOYNMNHNMNAARANEVNHANAS B SO OY OO) By Ol Rt ot NO OQ ee =O 
Che el wl) wt cot) wl) et et ooo oo oo 0 90 CE a a oa Se a ee oo oo oo 000 
(spuesnouL) (spuesnoyL) 


SSCIZOUWIOL[IM—CSCUBT MON SOIZOUIO[IM—CSCuUBT MeN 


SSs 


R¥S¥] Metro 


= 


; : e ° ’ 
Sori teres <27e) weet = *ellecHolht-scel w 
fehasavedT » ; (eOnescetT 


Ps. far ds237: 


evan es 


Vues 


. > og] 
: < Ej 
: BS vai 
e ae 
R A = =| - Dee a es = Z > <r 
. +7 Teg 
2 pa 8] Ne Oe he ¢ 
ee 7 See < Poe Sa ; 
| = ¥| = "ite oe 
B a—ey a : 
- — “ fe a} 
= — ad : 
eo | ee 


hes ee es 
“a 


aig : 


_ ce i. ce SS a ws Re ee Rw ewe wo os 
— 
ee =- 
7" ad = AR 
aan 
rs 
—_ _— _ 7 a! 
= : - 
= 
= Se eS eee 
= <a = — 
- = - a ® 
_— 
x & 
= 7 -_ > 7 
| 
= = - 
= Ss 
aa 7 
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ROAD INVESTMENT 


CAPITAL COST OF NEW ROADS, 1990-2021 
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EXHIBIT 29 


TOTAL ANNUAL OPERATING COSTS 


1986 

Public Transit $ 697 
Road - Operations 159 
- User 5,543 

School Bus 150 
Handicapped Transit el 
TOTAL $6,570 


D:A\WP50\303ABACK3\GTA-EXH.29 - June 12, 1990/ES 


(millions of 1990 dollars) 


Concept 1 
$1,127 
239 
10,147 


267 


2021 
Concept 2 


$1,371 
211 
7,977 
171 
__ 136 


$9,866 


Concept 3 


$1,319 
231 
9,151 
218 
_165 


$11,084 


IBI 


GROUP 


GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Roads 


School Busing 


Road operating cost estimates are based upon average levels of cost 
per lane-kilometre for operating roads, including maintenance and 
repairs. They include costs for all freeways, arterials and major 
collectors but not local roads whose prime function is property access. 


The road user costs are the total annual vehicle operating and 
ownership costs. This was estimated by multiplying the expected 
annual vehicle-kilometres by $0.25 per vehicle-kilometre. This 
methodology makes the following assumptions: 


° that total annual vehicle kilometres vary directly with peak 
hour vehicle kilometres; 


° that car operating costs vary with vehicle kilometres; 
° that total car ownership cost varies directly with usage. 


The road user costs represent costs that are borne by private citizens 
and are not governmental costs. Fuel taxes have been eliminated 
from the road user costs as to eliminate double counting with the 
governmental expenditures on roads. 


The number of trips made by secondary and elementary school 
children on buses or vans will vary to some extent depending on the 
urban structure. Currently, transportation to school is provided to 
students on large school buses or smaller vans or by subsidizing 
public transit trips. There are also a number of school trips made in 
the Metropolitan Toronto area on public transit that are not 
subsidized by the school boards. There is also funding for vans which 
carry disabled students to school. The Board of Education in the 
Greater Toronto Area funds school busing not only for home to 
schooi trips but also for field trips, home for lunch trips and 
swimming classes, etc. This analysis covers only home to school trips 
which are provided on school buses or vans. It is assumed that any 
students travelling to school by transit are included in the public 
transit numbers. 


A telephone survey of Transportation Departments of Boards of 
Education in the Greater Toronto Area has confirmed that there is a 
larger proportion of students bused in the regions outside of Metro 
than in Metro Toronto. This survey shows that the percentage of 
students bused to school range from about 29% to 46% of total 
enrolment. These numbers include a small proportion of students 
using public transit. In Metropolitan Toronto the Public School 
Boards transport between 5% and 8% of pupils by school bus. The 
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GTA Urban Structure Concepts Study: 

Background Report No. 3: 

Transportation Systems 
sso 

Separate School Board numbers are higher due to the smaller 

number of schools operated; for the Metro Toronto Separate School 

Board the percentage of enrolment bused is 33% including those 

using public transit. 


Data from the 1986 TTS survey rates are used to estimate the 
current and future school busing statistics under the different 
scenarios. The 1986 survey results indicate that the average number 
of trips for all purposes per capita per day is 2.16 and of this 8.7% 
are trips to school (703,000 daily school trips). In the Greater 
Toronto Area 33% of these 703,000 trips, or 231,000 trips, in 1986 
were made on a school bus. Since each student makes 2 one-way 
trips per day, this translates into 116,000 students who used school 
bus transportation in 1986. 


Using this information and the results of the telephone survey an 
estimate of the percent bused inside of Metro and outside of Metro 
was prepared as shown on Exhibit 30. This exhibit shows population 
within Metro and outside Metro for 1986 and for the three 2021 
urban structure concepts. It also shows the resulting number of 
school trips, the estimate of the percentage of pupils bused in the 
two areas and the resulting number of school bus person trips. 


It was estimated that in 1986 the total percentage of pupil trips made 
on buses was 16% in Metro and 57% outside of Metro. This gives a 
total percent bused in 1986 of 33% which agrees with the 1986 TTS 
Statistics. These numbers are slightly higher than the survey of school 
bus boards; however in the last four years the total percentage of 
school children bused to school may have decreased due to increasing 
population densities and the construction of more schools. 


Under urban structure Concept 1 (Spread), the percentage of 
children bused within Metro Toronto is assumed to stay 
approximately the same since the population will only increase 
marginally and very few new schools will be built to reduce the 
requirements for busing. Outside of Metro the population is 
expected to more than double from the 1986 population, which would 
mean that there would be some increase in density and the 
construction of new schools. The overall development pattern is 
expected to be low density and therefore the proportion of children 
transported by school bus would decrease only slightly. We have 
estimated that this would reduce to 50%. Therefore the total 
number of school bus trips required would be 411,000 which would 
mean that 36% of students would be bused as compared to 33% in 
1986. 
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Handicapped 
Transportation 


GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Urban structure Concept 2 (Central) assumes that Metro Toronto 
would become more compact with the population increasing by 73% 
between 1986 and 2021 while the population outside Metro would 
increase by 42%. Under this scenario the requirements for school 
busing in Metro Toronto would decrease significantly due to the 
increase in density while the requirements for school busing outside 
Metro would only decrease slightly as the development pattern would 
be similar to the current situation and the population would only 
increase slowly. Under this concept school busing requirements are 
expected to be 263,000 trips per day, with only 23% of all students 
requiring school busing. 


In the third urban structure concept (Nodal), the population of 
Metro Toronto would increase slightly. The population outside of 
Metro would double; it would tend to increase in a nodal fashion so 
that schools would be constructed in these nodes which would reduce 
the requirement for school busing. It is assumed to reduce down to 
45%. In this concept 335,000 school trips would be made each day 
by school bus, 30% of all school trips. 


In summary, under the Spread concept, busing would increase slightly 
over the 1986 scenario while under the Central concept busing would 
decrease by 10% relative to the 1986 situation. Finally under the 
Nodal concept busing would decrease slightly, mainly due to a 
reduction in busing outside of Metro. 


The cost of busing was also discussed within the telephone survey; it 
varies depending on whether the transportation is provided by a large 
school bus or by van. The large school buses cost approximately 
$700 per year per student while van operation ranges from $2,000 to 
$2,500 per student per year. Approximately two thirds of children 
use school buses and one third use a van. The cost of transporting a 
student to school is approximately $1,300 per year or about $7 per 
day given 186 school days per year. Exhibit 30 shows the resulting 
total cost under the various scenarios in constant 1990 dollars. 
Annual costs for busing students to school under Concept 1 is $267 
million, under Concept 2 it is $171 million, and under Concept 3 
$218 million. 


The Ministry of Transportation of Ontario subsidizes municipalities to 
provide transportation for the disabled. The current eligibility criteria 
provide that anyone who cannot use the public transit service is 
eligible for special transit services. These are door-to-door services 
using special transit vehicles like the ORION 2, smaller vans and 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


station wagons. The eligibility criteria have recently been expanded 
to allow elderly and others who have difficulty getting to a transit 
stop to use the specialized transit services. There is also a plan to 
make a limited number of rapid transit stations in Metro Toronto 
accessible to the disabled. With only some stations available this 
opens the service up to only a portion of the disabled who want to 
travel between the accessible stations. 


A factor that will affect the demand for specialized transportation 
services in the future will be the larger proportion of the total 
population that will be elderly and, since the elderly are more prone 
to physical disabilities, the total disabled population will increase over 
the period of this study. In a study prepared for the Ministry of 
Transportation in March 1988 (Transportation for Disabled Persons 
in Ontario: Towards a Strategy for the 1990’s), this aging factor is 
expected to be offset to some extent by advances in medical 
technology which will actually reduce the number of disabled persons. 


The total population of the Greater Toronto Area can be split into a 
number of groups defining their ability to use public transit. The 
first group are the ambulatory who can use public transit with little 
or no difficulty and therefore are assumed to be completely able. 
The next group are those who are able to use public transit with 
some difficulty. These people are currently not eligible for 
specialized transit and must cope with the current public transit 
system. The last group are those who require door-to-door service 
due to problems with accessing the public transit system, getting to 
and from the public transit system or the actual use of the public 
transit system. There is a fourth group that is included in the 
disabled population which do not make any trips and are considered 
to be homebound. This latter group is not included in the analysis. 


Given that the Ministry’s expanded eligibility criteria include elderly 
who cannot walk to public transit, the number of disabled trips per 
capita was estimated using information from an August 1988 IBI 
Group report for the Metropolitan Toronto Treasury Department on 
the establishment of cost and performance indicators for Wheel- 
Trans service. At that time the base ridership had a rate of trips per 
capita of 0.36 and under expanded eligibility of 0.52 trips per capita. 
A mature level of service under the existing eligibility criteria would 
result in a trip rate of 0.6 annual trips per capita. Assuming the 
same increase between the existing Wheel-Trans and the mature 
Wheel-Trans trips per capita for the expanded eligibility, it is 
estimated that under expanded eligibility trips per capita will be 0.86. 
Therefore by the year 2021 the number of trips by the disabled 
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Total Operating Costs 


3.5 OTHER COSTS 


would be 5,177,000 per year assuming the expanded eligibility 
guidelines. 


In the same study for the Metropolitan Toronto Treasury 
Department the average cost per trip in Metro was estimated to be 
$27.84 with the expanded eligibility criteria. Increasing this by the 
Consumer Price Index the cost per trip would be $30.60 in 1990 
dollars. This cost per trip was used as the basis for estimating the 
costs of transporting disabled persons in 2021 for the three concepts. 
Although the cost per trip in the areas of the GTA outside Metro is 
currently less than within Metro it is assumed that in 30 years the 
services Outside of Metro would grow to have characteristics similar 
to those of the current Wheel-Trans service and therefore would 
have similar costs. 


The base cost per trip of $30.60 is factored by the ratio of the 
average trip length for each concept and the average trip length in 
1986 for the disabled. Therefore for the Spread concept the base 
cost of $30.60 is increased by the ratio of 14.9km/13.8km to give a 
cost per trip of $33.04. A similar approach is taken for Concept 3. 
In Concept 2 (Central) it is assumed that there will be some effort 
made to improve the accessibility of the public transit system to the 
disabled population. Therefore the cost of carrying the disabled 
should decrease since they will be able to use public transit for part 
of their trip. In this analysis it was assumed that this will reduce 
their cost per trip by 15%. The 15% reduction is applied after 
factoring the cost by the ratio of trip lengths. Therefore, as Exhibit 
31 shows, the total cost of providing transportation for the disabled is 
estimated to be $171 million for the Spread concept, $136 million for 
the Central concept and $165 million for the Nodal concept. 


Exhibit 29 also shows total annual transportation operating costs. It 
can be seen that these vary considerably among the three concepts 
with a difference of more than $2 billion per year between Concept 2 
and Concept 1. The majority of these costs are the automobile user 
costs which are privately borne while the other costs on the table are 
all public costs. 


The main focus of this report has been on urban transportation costs. 
There are other transportation costs that will be incurred in the 
development of the Greater Toronto Area. These are discussed 
below. 
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GTA Urban Structure Concepts Study: 

Background Report No. 3: 

Transportation Systems 
a 
Air Travel At present commercial air services in the GTA are concentrated at 

Lester B. Pearson International Airport (LBPIA) with some 

additional services operating out of Buttonville, Toronto Island and 

Oshawa Airports. These satellite airports do not have the runway 

length to accommodate large jets. Thus, although they can 

supplement the capacity of LBPIA, they cannot replace it for major 
destinations. 


The capacity limit at LBPIA for the present level of runway facilities 
has been reached. Capacity restriction are now in effect. There is a 
proposal which is now being studied for the construction of two 
additional runways at LBPIA. Even with these runways and 
significant improvements in Operating methods and equipment, this 
will increase the capacity at LBPIA from the current "cap" of 70 
movements per hour to perhaps 105 movements per hour. While this 
is a potential 50% increase, it cannot be expected to be able to cope 
with the anticipated increases in demand over the next 30 years. 
During this period at the least a second major airport will likely be 
required. 


The federal government has purchased land in North Pickering to 
construct such an airport although, at the present time, there is no 
official commitment to do so. The capital cost of such a new facility 
obviously depends upon the amount of the activity that is displaced 
from LBPIA. By way of comparison, a major new airport in Denver 
is estimated to cost $7 billion, including land purchase. This cost 
presumably will be the responsibility of the federal government. 


Provincial and municipal agencies would be responsible for access to 
the airport. In the road networks postulated for the concepts there 
is a freeway connection to North Pickering provided and, in two of 
the concepts, a rail service at peak times of the day. Thus we 
believe the costs shown include the ground transportation 
requirements of a second airport and there would be little or no 
differential impact among the three concepts in terms of capital costs 
for airport access, beyond those estimated. 


Trucking Trucks represent a considerable proportion of the total traffic flow 
on major roads. On some roads they can be as high as 20% of the 
total traffic flow. In all the estimates of Capacity requirements made 
in this report, an allowance has been made for the potential usage of 
road capacity by trucks. 


The question to be addressed here is whether there is a differential 
impact between the three urban development concepts on trucking 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


costs and the cost to provide facilities for trucking. There are two 
offsetting trends: 


¢ under the central option (Concept 2), local truck trips can 
be expected to be shorter in length; 


° on the other hand, with more concentration of population, 
road congestion can be expected to be greater. 


It is therefore difficult to estimate the overall differential impact of 

the three concepts on truck operating costs and capital costs and no 
further attempt was made to estimate differences relating specifically 
to truck movements. 


With respect to possible improvements in intercity passenger rail, 
there is no reason to believe that there is a differentiation in cost 
among the three concepts. The higher population densities within 
Metro in Concept 2 would permit easier access to an intercity rail 
terminal and be more conducive to ridership than the other 
development concepts. Historically, the federal government has been 
responsible for intercity rail transportation although, in recent years, 
the provincial government has become interested as well. Currently 
an Ontario-Quebec Task Force is examining the potential for high 
speed passenger rail service in the Quebec-Windsor corridor. Current 
efforts toward implementing a high speed rail service have been 
concentrated on making it financially self-supporting. 


Over the next 30 years there will be improvements needed on the 
rail system to carry freight. Although it was not implicitly included in 
the analysis of GO Transit improvement options, there is also 
pressure to remove freight trains from the urban rail network to free 
up capacity for GO Train movements. One method of doing this 
would be to relocate the CP traffic from the Galt, Havelock and 
North Toronto Subdivisions to the CN Halton and York Subdivisions, 
the CN bypass around Toronto. This was costed out in 1987 as 
having a minimum cost of $565 million which, in current 1990 dollars, 
would be in the order $650 million. 


No estimate has been included in this report for the development of 


harbours and port facilities. There is no reason to believe that they 
would differ among the concepts. 
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These other costs have not been included in the comparison of the 
three concepts as, in the main, they do not differ in magnitude 
among the urban structure concepts. However, expected differences 
among the concepts in the quality of intercity linkages have been 
included in the qualitative comparisons as described in the next 
section of this report. 
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4. COMPARISON OF 
CONCEPTS 


4.1 FACTORS AND 
MEASURES 


The overall objective of this project is to compare the relative 
advantages and disadvantages of the three urban development 
concepts in order to provide a basis or context on which decisions 
can be made concerning desirable patterns of urban development in 
the Greater Toronto Area. This chapter discusses the comparisons 
among the concepts from a transportation point of view. 

Factors were developed to compare the concepts in a number of 
areas. In the transportation area two factors for comparison were 
defined: 

° Factor 3.1: Choice of modes and service levels; 

¢ Factor 3.2: Transportation efficiency and costs. 

Since each of these factor areas is quite broad and not susceptible to 
specific measurement, a number of quantifiable measures were 
defined for each of these factors. With respect to Factor 3.1, choice 
of modes and service levels, the following measures were defined: 

¢ high transit accessibility and service level; 

¢ high road accessibility and service level, 

¢ high effectiveness of intercity connections, 


¢ high population accessibility to rural areas. 


With respect to Factor 3.2, transportation efficiency and costs, the 
following measures were defined: 


° low average travel times, distances and costs; 


° high proportion of each region’s work trips remaining in 
the region; 


¢ high transit efficiency and cost recovery; 
° reduced road traffic congestion growth; 
¢ reduced requirements for school busing; 


° better opportunity to provide transit for handicapped 
persons; 
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Factor 3.1; Choice of 
Modes and Service 
Levels 


High Transit 
Level 


¢ low transportation capital cost; 
¢ — low transportation operating costs. 


Using these factors and measures the three urban structure concepts 
have been compared. Exhibit 32 shows the comparative ratings in 
tabular form. 


A concept is given a high rating under this measure if it provides a 
high level of transit accessibility (through the number and location of 
rapid transit and commuter rail lines combined with efficient feeder/ 
distributor services) and if the population and employment densities 
are such that high frequencies of services can be justified. 

Concept 1, Spread, is given a low rating since the low suburban 
densities would impede effective provision of transit service and 
would make it uneconomical to provide frequent service in many of 
the suburban areas. Concept 2, Central, is given a high rating 
because the high densities throughout the central, built-up area would 
justify the provision of a high level of public transit service and the 
strong balance between people and jobs in each region would 
promote relatively shorter work trips which can be well served by 
public transit and walking access. Concept 3, Nodal, is given a 
medium rating because, while densities are not as high as in 

Concept 2 and trips are longer, on average, the nodal urban structure 
would be highly compatible with providing efficient and effective 
transit service and trips within the nodes would be relatively short. 
Exhibit 32 lists the estimated route-km of improved commuter rail, 
and new rapid transit lines in the conceptual transit network 
developed and analyzed for each of the three urban structure 
concepts. It can be seen that Concepts 1 and 3 have relatively more 
km of improved GO services (reflecting greater suburban 
development) while Concepts 2 and 3 have relatively more km of 
new rapid transit (reflecting greater reliance on transit). While not 
shown on the Exhibit, Concept 2 would have relatively more km of 
rail (as opposed to bus) rapid transit than Concept 3 and higher 
frequencies of service, to serve the higher population densities in 
central areas. 
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and Service Level 


High Effectiveness of 
Intercity Connections 


A concept is given a high rating under this measure if it provides 
substantially improved networks of major highways and arterial 
roadways for passenger and goods movements. Concept 1, Spread, is 
given a high rating because it would require and provide an extensive 
network of freeways and arterials. Concept 2, Central, is given a low 
rating because it would a limited expansion of the road system. 
Concept 3, Nodal, is given a medium rating because it would involve 
an intermediate level of road system expansion. As shown, 

Concept 1 provides substantially more new freeways than Concept 2 
and Concept 3 provides less, while Concepts 1 and 3 provides more 
arterial lane-km than Concept 2 does. 


A concept is given a high rating under this measure if the urban 
form and transportation concept contributes to high effectiveness of 
intercity connections between residential and employment areas and 
major intercity terminals such as Pearson International Airport, Union 
Station and the intercity bus terminal, and if it provides relatively 
good road connections for those wishing to enter or leave the 
metropolitan area by automobile. Concept 1, Spread, is given a 
medium-high rating because the major airports and road access to 
and from the GTA would be well served by the freeway system and 
the other intercity connections would be somewhat less well served 
because of the lower transit accessibility. Concept 2, Central, is given 
a medium rating because, while all intercity terminals would be more 
accessible by public transit, the less extensive road network would be 
more susceptible to traffic congestion under conditions of peak 
recreational travel. Concept 3, Nodal, is also given a medium rating 
because, while it would provide better transit connections than would 
Concept 1, the road connections would not be as extensive. 


A concept has a high rating under this measure if the transportation 
system and likely congestion levels are such that the urban population 
would have good accessibility to adjacent rural areas and recreational 
areas. Concept 1, Spread, is given a medium-high rating because it 
would have the most extensive road system, although the system 
would be subject to congestion pressures owing to the spread 
suburban development and there would be less transit to help provide 
access to rural areas. Concept 2, Central, is given a medium-low 
rating because, while there would be better access by transit, there 
would be a greater likelihood of road congestion under recreational 
peaks and there might be a greater propensity to visit rural areas 
because of the higher urban population density. Concept 3, Nodal, is 
given a medium rating because it would have almost as much 
suburban development as under Concept 1 with a less extensive road 
network, although the higher densities and greater use of transit 


a7 


able 4) Te otanensvedt tet) Ae apt tit! ads a in eae 
— iehretee een eee! neo is ina to a naisn hovionqini Ybaiietoding me | 
i beaig? | te vena wan bony bas’ wage on agowhaon 
Miao ie SRV 3 bo wwsity ve Dhow i erate ditt gquntdesy ey etn 


wal a novin et ain Sagan oleh bole pio ey ir Wie nee 


pikes Oey fi 7 ri ben ru co herr a oo us ti fortuna aor ty et i by k! ae 
- | byl wr a, Wiehe ig gil hye et tt pina ‘. : aM £ ! 4 ay . j ay ’ is + 
i au | ; 


Awrotle aA, CAS! ROD LRN) bac t 6 fi ada hlaournr: vii At, 


' c te 1s 
{ Pee J t A he 

Node? nee wrewset) wow Greet wiltonedueeee eehlivceey ¥ Jeger: Ww nn My. a 

1 ipa : rv Ay : 5 wee ‘ vi 
OE MY. Raoh: aes sid in te ey itiw ata step ) eT iD i » \ oe / m 
j ie \ i in ; ne A : y a) 
: . i Da Tl 7 oe a! hifi 
poue sbene 7 meds sisal via Vn | i . ; 


ache oth chau Ae be hole yh 6 celigp al tqemig A! Ne item | 

io ameeyjiosiim sai oF anucthiacs Tee ae nein Mar tstl ) ae brs my wy ' a eta mes xn 
Ay: Be. De leqeenus Dain, Lethon) eon wenn’ cf a TORN “ie ya i, 
ndiny .oUnhA) Iaooiineedt womaed wy done algedenrs ee Opie | | | 
ato eeDiMae 1 Roan be ariniaad auc! eee eaiites ae Loeny e ARE # a y' or 


A : 7 iY ; ; 4 ; ; nk Man Jae ty 

EE RR Se OE OTe COAT CWE BRUT Tad eK Be i boty ei ee ai y 

es ; eg j “ ; ; an 

j P big OG { F - von fe J oy ee ee cw’ y I ae | 
Opry a ye ee ) Sone vd awe he bere) Cae E77) iW 
Ve ( i 
PRCA Ree Neem eocte fates Gm ey seal ial Cae ee hide i newt nag Ze 
y Rate oe | Veoh ee JE AP Lie bi Mi wet | VARS Ridwts bP | vai rehad dita A ed ia TY ~~ 7 
" , Pa 
brn steve werd qudh vel Beriba Tie or Bhuaw ATO) ofl myer bis i Tf 
Sea! y ie , a t y ‘ } : és a as tii : ’ als 

; , P Key tha: as eh ty My fie vee eee hs Ai Pitietar aden j eoLy rp i phen wade baa uy a 
a ea m~ : g. So Geog iments 
th Ye teUeD)4 PRC? VIERA S SON SOME VOR Oty) hey ean doe oP Troe a 


21000 so Rw! thsi wriorite {le colldiw: onentidd ynigny prvcnd borers i 

iw Teed! Dey urate has qed ot ean otidiag yet aa ages} ws ; 
An! OO RECORD Talyt CRRoO rie URRY ie ibelhteys mtn cvnenatt 

Hides aethiqem ¢ mdivig' bela ol iebow Eiqoona?: tows VY leationdastoy 

lnow cuiudh aOhoodiod Viet dediod aboliera 1) hui HW ol} ar am " sod . 


woh od ton bigow aoolsenwoo bar 4 ie i ¢ ee 


Male (ORT lt Wn ay eich) Wobiy v wiles dgid « air! eeennes y P tanta A 
mg taey oy teva elt tert) Aes, sia als aL weld eo gno2 de: iit rh pos aya aa ha fervath oh gh it 
Wiese! bad eso18 teat Insdsiba od’ ‘pile 908 baer \ sen pale, ae) Ne 

euiod gutter dgidnaulboin « nowy at booty 1 Yqno wo me) 4 
moleye ot covodile Maize Dwors ‘ple aoe > Jaq ‘oul owed Pel oo 

| ‘bese A} ot SWC serene lt 1 Nase aes) pe] ty Sige ox bluow . : 1 
vend Glad os jitait weal ed binew add baw. teen emnyole wed modisine at 
| panigranatery o novin al davina. S ins, RAV, ieriry ot goorcni ‘eee 
s1ort Jianay vd amo Talbod ad iyo erods slidw wannond guile | 
Isnobasiaat 1bou 2olkagnos. baoy lo bone tical 1sinoTy sod bivow 
aa: vit tenant thaiv of Giatogory, toluvig @ od ielyinrs, works bay aig ‘: 

Bi dabor £ Yqz0acD’ vile noitalyqog nach Aodyid edt ith =) 

ony | 


nt Juin as Jaana aved blucw' tt peunsed gai mast | 
heen svn iixe eal fs eal t ‘Wqn0D 1% wo és. Ins b mach dusdua 
sient to oy iy b gish scl, ‘ ; 


AS Th 
va 


GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 

e60_eu—_00lc — ooo 
would help to relieve road congestion pressures and the urban 
population would have a greater choice of travel modes to reach 
tural and recreational areas beyond the urbanized area. 


Factor 3.2: 

Transportation 

Efficiency and Costs 

Low Average Trip A concept has a high rating under these measures if it has low 
Times, Distances and average travel times per trip, low average trip distance, and low 
Costs average trip cost, as estimated for the a.m. peak hour in the travel 


simulations carried out under this study. Person-km and person- 
hours of travel in the a.m. peak hour are also shown, as additional 
measures of travel effort. As indicated by the estimated average trip 
times, distances and costs shown for each concept in Exhibit 32, 
Concept 1, Spread, exhibits more travel effort under all three of 
these measures and is therefore rated low; Concept 2, Central, is 
rated high because of the shorter and less time consuming and costly 
trips under this intensified urban structure; Concept 3, Nodal, is 
rated medium because it displays an intermediate level of travel 
effort in terms of these measures. 


High Proportion of Each A concept is rated high under this concept if a high proportion of 

Region’s Work Trips the work trips generated by its residents remain within the region 

Remaining in the Region (i.e. have work places within the same region) rather than crossing a 
regional boundary to a more distant work place. Again, Exhibit 32 
lists the percentage of total a.m. peak hour trips which are intra- 
regional (i.e. remain within the region of origin), the percentage 
which cross from one of the four suburban regions into Metro 
Toronto, the percentage which cross from Metro Toronto into one of 
the four regions, and the percentage which move from one of the 
four suburban regions to another, as estimated by the travel 
simulations conducted under this study. Based on these estimates, 
Concept 1, Spread, is given a low rating because there would be 
considerable cross-commuting between regions, adding to the person- 
km of demand which has to be accommodated by the transportation 
network. Conversely, Concept 2, Central, is given a high rating 
because a considerably lower proportion of a.m. peak hour trips 
would cross from the suburban regions into Metro Toronto, and a 
high proportion would remain within each region. Concept 3, Nodal, 
is given a medium rating because it would generate an intermediate 
proportion of intra-regional and inter-regional trips. It should be 
noted that, while the travel simulations did not deal exclusively with 
work trips, a very high proportion of trips within the a.m. peak hour 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 


Transportation Systems 


High Transit Efficiency 
and Cost Recovery 


Reduced Road Traffic 
Congestion Growth 


are to work destinations, which is why the simulated results are 
interpreted as applying primarily to work trips. 


A concept is given a high rating under this measure if the density 
and distribution of population and employment are such that they can 
be served efficiently by transit, thereby achieving a high revenue/cost 
ratio for the transit services provided. Concept 1 is given a low 
rating because the spread, low density development in suburban areas 
is difficult to serve efficiently by public transit, such that service 
frequency, load factors and revenue/cost ratios tend to be low. 
Concept 2, Central, is given a high rating because the concentration 
of population and employment in central areas permits economic 
provision of a high level of public transit service which, in turn, 
attracts high ridership and achieves a higher revenue/cost ratio. 
Concept 3, Nodal, is given a medium rating because the nodal 
concentrations can be served very efficiently by transit but the 
relatively long distances between nodes are more costly to serve than 
for the shorter trips and services under Concept 2. 


A concept is given a high rating under this measure if the 
combination of urban structure and its compatible transportation 
system are such that future rates of growth of road traffic congestion 
may be moderated. The traffic demand analyses carried out under 
this study were designed such that the three transportation networks 
analyzed (one for each urban structure concept) each assumed an 
equal level of service as measured by the average travel speeds on 
the road system. In simulating each network, this was achieved by 
assuming recently measured (1986) travel speeds on all road links. 
The new road links added in each network were assumed to have 
travel speeds compatible with the 1986 speeds on existing links, while 
new transit links were assumed to have travel speeds appropriate to 
the type of technology (e.g. commuter rail, rapid transit, surface 
transit) involved, with surface bus speeds reflecting average traffic 
speeds on the various road links. An "unconstrained" traffic 
assignment was then carried out and the road system was "sized" by 
estimating and then costing the number of additional lanes of 
freeways and arterial roads which would be required to serve the 
estimated automobile travel demand. Estimated transit volumes were 
used to "size" the transit links in terms of required technology, 
frequency of service and number of vehicles required. 


This approach means that equal levels of road and transit service 
would be provided under each concept. Accordingly, all three 
concepts are given the same rating, medium, under this measure. 
The differences among them are defined by the differences in road 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 
Transportation Systems 


Reduced Requirements 
for School Busing 


Better Opportunity to 
Provide Transit for 
Handicapped Persons 


Low Transportation 
Capital Costs 


and transit capital costs required to achieve the equal level of service 
postulated for each concept, and this is picked up under another 
measure in the comparison (i.e. low capital costs). 


A concept receives a high rating under this measure if the amount of 
school busing required is reduced. Estimated annual operating costs 
for school busing are shown in Exhibit 32. Concept 1, Spread, is 
given a low rating because of the extensive amount of school busing 
required throughout the low density suburban areas, as is now the 
case in existing residential areas in the suburban regions. Concept 2, 
Central, is given a high rating because the high population density in 
central areas means that more students would be able to walk to 
school or take regular transit, thereby allowing a substantial reduction 
in the effort and cost required for school busing. Concept 3, Nodal, 
is given a medium-high rating because many students would be able 
to walk or take transit to school within and between the relatively 
high density nodes postulated in this concept. 


A concept is given a high rating under this measure if the 
combination of urban densities and transportation networks is such 
that transit services for handicapped persons can be provided 
relatively cost-effectively as new transit facilities are introduced. 
Concept 1, Spread, is given a medium rating because it would 
provide a more extensive road network for paratransit services serving 
handicapped persons but less opportunity to make new transit 
facilities handicapped-accessible. Concept 2, Central, is given a high 
rating because it would generated shorter trips (more efficiently 
served by paratransit) and would provide more opportunity to make 
new transit facilities handicapped-accessible. Concept 3, Nodal, is 
given a medium-high rating because it would generate intermediate 
trip length trips and would provide substantial opportunities to make 
new transit facilities handicapped-accessible. 


A concept has a high rating under this measure if the total estimated 
capital costs required to construct its conceptual transportation 
network between 1990 and 2021 are relatively low compared to the 
other concepts. 


As shown, Concept 1, has an estimated transportation capital cost of 
$27.1 billion, while Concept 2 has an estimated cost of $27.6 billion 
and Concept 3, $28.6 billion. As also shown, while there are 
significant differences in the costs for transit and for roads among the 
three concepts, these tend to balance out so that the total capital 
costs are essentially the same within the conceptual estimating 
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GTA Urban Structure Concepts Study: 
Background Report No. 3: 


Transportation Systems 
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4.3 OTHER CRITERIA 


accuracy of this study. Accordingly, all three concepts are given a 
medium rating under this measure. 


Estimates were made of the annual operating cost experienced in 
2021 by Public Works departments operating the road system (which 
vary with the number of lane-km in the network), by the transit 
operators (which vary with the number of revenue-hours and 
revenue-km of transit service provided with transit fare revenues 
netted out) and by travellers using the system (e.g. automobile 
operating and ownership costs during the a.m. peak period with taxes 
netted out). These estimates are shown for each concept, in terms of 
approximate annual operating costs, for each of the three concepts. 
The pattern is similar to that for road capital costs: owing to the high 
cost impact of its more extensive road system, Concept 1 has the 
highest operating costs, while Concept 1 has the lowest and 

Concept 3 has an intermediate level. Accordingly, Concept 1, 
Spread, is given a low rating under this measure, Concept 2, Central, 
is given a high rating, and Concept 3, Nodal, is given a medium 
rating. 


Transportation can have a major impact on some of the 
environmental factors. One measure defined in Background Report 7 
is the potential impact of transportation on air pollution. Exhibit 33 
shows the estimated air pollution impacts of each of the three 
scenarios as well as the 1986 base. These estimated emissions are 
based on empirical relationships between fuel consumption, emissions 
and average speed based on a methodology adapted from "Procedure 
for Estimating Highway User Costs and Fuel Consumption and Air 
Pollution," United States Federal Highway Administration, 1980. It 
does not assume any technological improvement to vehicles between 
1986 and 2021. It therefore may over-estimate the potential 
emissions but the relative ranking between the three concepts should 
be indicative. Annual emissions can be estimated by multiplying the 
amounts in Exhibit 33 by a factor estimated to be 3,250. It can be 
seen that Concept 2 has significantly lower emissions compared with 
Concept 1. Concept 3 is intermediate. 


Another measure defined for comparison of the concepts is 
transportation energy consumption. Differences similar to those 
estimated for vehicle emissions can be noted on Exhibit 33. 
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EXHIBIT 33 


EMISSIONS AND ENERGY CONSUMPTION 
(A.M. Peak Hour) 


Scenario: 1986 Base 


Area/Mode Vehicle | Vehicle 
Hrs Km 


Metro 85521 | 3177946 
Durham 10692 | 527236 
838111 
1062213 
7868 | 485553 


Emissions 


4204 
603 
924 

1452 
513 


3331 

811 
1449 
1026 
989 
788 


883445 
135692 
213171 
301563 
123362 


13170406 
2022898 
3177950 
4495699 
1839079 


On aS 


62 


g6400 
1668016 | 1276| 100658 _179 | __ 788. 
6164508 | 40| 26374048 
Pome Loop) Let]! Oe la P706s 


CO2 HC NOX 


(Kg) (Kg) (Kg) 
Metro 4264793 17083218 1145909 
Durham 1356140 5135584 344485 
2590932 65 | 9866453 661823 
2170387 46 | 8448594 566715 
768218 6 2906671 194974 815 


1 

Total Auto 725494 [11150470 

Transit 163587 

Total _____-|_229047 |ri322801 | 49 

84% 22% 71% 54% 75 % 67%| 131 
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EXHIBIT 33 (CONTINUED) 
Concept 2: Central 


Area/Mode Vehicle | Vehicle Emissions 
Hrs Km CO2 HC NOX 
(Kg) (Kg) (Kg) 


5123 
1051 
1656 
1940 
584 


4094375 16414578 1101058 
975250 3686408 247277 
1554624 5879043 394355 
1594485 6294459 422220 
547087 2068497 138751 


$898291 
4%] 14%| LG 
07032") a1 '478)| ieee 6.186 | 0.019] 0.410| 0.002| 0.002 | 
=21%6|) 10%] Tis [yee 8) 218] 15 2 16% 4% 


27% 40% 35 % 68 % 


i=) 


Emissions 
CO2 HC NOX 
(Kg) (Kg) (Kg) 

1096164 


Vehicle | Vehicle 
Hrs Km 


Area/Mode 


4065691 16341613 


1145529 4333248 290666 
2077918 7870707 527952 
2038898 8025859 538359 


727745 2751992 184598 


10055781 

4641 29 
217195 47 | 42074246 | 126034 | 2803631 

42% 65% 


59a] 53% 
0.036 [ 1.690[ =| 6.989 [0.001 | 0.466 | 0,002 
aaa 


Change Since 1986 -12% 2% -1%| — -11% -1% 


ae) 


Notes: 
1. Energy consumption and emissions figures are rough approximations based on simplified relationships 
between emissions, energy consumption and average speed for a composite 1986 vehicle fleet. While the 
absolute figures are highly uncertain, the relative differences between the scenarios are reasonably accurate. 


2. To isolate the effects of urban form alone on energy consumption and emissions, 
vehicle emission and consumption rates have been frozen at 1986 fleet levels. 
Actual emissions and consumption levels will probably be substantially lower in 2021, 
due to technological improvements in vehicle efficiency and emissions controls. 


3. Sources of Information: 
-CW Dale. PROCEDURE FOR ESTIMATING HIGHWAY USER COSTS, FUEL CONSUMPTION 
AND AIR POLLUTION. FHWA, US Department of Transportation, March 1980 (revised April 1981). 
-Wilbur Smith and Associates. METROPOLITAN TORONTO AREA TRANSPORTATION ENERGY 
STUDY. Municipality of Metropolitan Toronto, Toronto Transit Commission, Ontario Ministry of 
Transportation and Communications, December 1980. 
-US Environmental Protection Agency. MOBILE SOURCE EMISSIONS FACTORS. Washington DC, 1978 
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APPENDIX A 


PERSON-KILOMETRES OF TRAVEL 
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GROUP 


EXHIBIT A-1 


PEAK HOUR TRANSIT PERSON-KILOMETRES 
IN THOUSANDS 


1986 
Trips within Metro 1,597 
Trips to Metro from Regions 124 
Trips from Metro to Regions 92 
Trips within Regions 73 
Trips between Regions 11 

2s 


Thousands of person-km 
Percent growth from 1986 


Legend: xxxx 
(x%) 
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Concept 1 


1,666 
(4%) 


2,476 
(241%) 


363 
(295%) 


535 
(633%) 


88 
(700%) 


5,128 
(105%) 


2021 


Concept 2 


3,657 
(129%) 


1,390 
(91%) 


363 
(295%) 


219 
(200%) 


29 
(164%) 


5,658 
(126%) 


Concept 3 


2,096 
(31%) 


2,113 
(191%) 


485 
(427%) 


590 
(611%) 


87 
(691%) 


5,371 
(115%) 
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Trips within Metro 
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Trips from Metro to Regions 


Trips within Regions 
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EXHIBIT A-2 


IN THOUSANDS 


1986 


1,916 


1,261 


6,613 


Thousands of person-km 
Percent growth from 1986 


Concept 1 


1,907 
(0%) 


3,372 
(79%) 


1,380 
(51%) 


3,515 
(179%) 


1,690 
(163%) 


11,864 
(79%) 


2021 


Concept 2 


2,279 
(19%) 


1,769 
(6%) 


1,661 
(83%) 


2,090 
(66%) 


970 
(51%) 


8,768 
(33%) 


Concept 3 


2,072 
(8%) 


2,706 
(43%) 


1,518 
(68%) 


2,995 
(138%) 


1,446 
(125%) 


10,737 
(62%) 
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